Previous studies have demonstrated that early deafness causes enhancements in peripheral visual attention. Here, we ask if this cross-modal plasticity of visual attention is accompanied by an increase in the number of objects that can be grasped at once. In a first experiment using an enumeration task, Deaf adult native signers and hearing nonsigners performed comparably, suggesting that deafness does not enhance the number of objects one can attend to simultaneously. In a second experiment using the Multiple Object Tracking task, Deaf adult native signers and hearing non-signers also performed comparably when required to monitor several, distinct, moving targets among moving distractors. The results of these experiments suggest that deafness does not significantly alter the ability to allocate attention to several objects at once. Thus, early deafness does not enhance all facets of visual attention, but rather its effects are quite specific.
Introduction
The loss of a sensory system early in development causes profound neural reorganization, and in particular an enhancement of the remaining modalities, a phenomenon also termed cross-modal plasticity (Bavelier and Neville, 2002; Frost et al., 2000; Ptito et al., 2001; Ptito and Kupers, 2005; Rauschecker, 2004; Sur et al., 1990; Theoret et al., 2004) . Support for crossmodal plasticity is often echoed in the proposal that blind individuals have more acute senses of audition and touch, and deaf individuals have a more acute sense of vision. Although this view is generally valid, recent research reveals that crossmodal plasticity is rather specific, in that only some aspects of the remaining senses appear modified after early sensory deprivation. For example, in the case of deafness, the available literature indicates comparable visual psychophysical thresholds, be it for brightness discrimination (Bross, 1979) , visual contrast sensitivity (Finney and Dobkins, 2001) , temporal discrimination (Mills, 1985) , temporal resolution (Bross and Sauerwein, 1980; Poizner and Tallal, 1987) , or sensitivity to motion processing (Bosworth and Dobkins, 1999; Brozinsky and Bavelier, 2004) . This lack of population differences across several different measures of visual skill indicates that changes in visual performance after early deafness are not widespread.
One aspect of vision that has been reliably documented to be enhanced following auditory deprivation is peripheral visual processing, in particular during attentionally demanding tasks using moving stimuli. For example, deaf individuals exhibit a larger field of view than hearing controls when asked to detect the presence of moving light points at locations in the periphery (Stevens and Neville, 2006) . Deaf individuals are faster and more accurate than hearing controls in detecting the direction of motion of a small square at an attended location while ignoring squares flashing at unattended locations (Neville and Lawson, 1987b) . Electro-physiological recordings indicate an increased N1 componentassociated with a modulation of visual attentionwhen deaf subjects performed this task. Similar increases in N1 amplitude have been noted when deaf individuals are presented with abrupt onset squares flashed at three possible locations randomly (Neville et al., 1983) or when monitoring drifting low-spatial frequency gratings for a rare target (Armstrong et al., 2002) . In line with the proposal of enhanced peripheral visual attention, the N1 enhancement in deaf individuals is more pronounced for peripheral than central stimuli. Using fMRI, we and others have found greater recruitment of area MT/MST, specialized for motion processing, in deaf than in hearing participants when motion stimuli were monitored peripherally rather than centrally (Bavelier et al., 2001; Fine et al., 2005) . These results highlight enhanced performance in deaf individuals in tasks using moving stimuli and manipulating the spatial distribution of attention. These studies mostly focused on Deaf native signers allowing for the possibility that signing rather than deafness leads to enhancements in peripheral vision. To disambiguate the role of signing from that of deafness, we and others have carried similar studies on hearing native signers. In all these studies (Bavelier et al., 2001; Bosworth and Dobkins, 2002; Neville and Lawson, 1987b; Proksch and Bavelier, 2002) , hearing native signers performed like hearing non-signers and unlike deaf signers. Thus, signing in itself does not induce the peripheral processing change observed in deaf signers.
It is worth noting, however, that not all tasks that rely on motion processing or require peripheral processing show enhancement in the deaf population. We and others have found that sensory thresholds for motion direction and velocity are not altered by early deafness, even when tested in the visual periphery (Bosworth and Dobkins, 1999; Brozinsky and Bavelier, 2004) . Similarly, recruitment of MT/MST, a brain area highly specialized for visual motion processing, was found to be similar in deaf and hearing individuals upon passively viewing moving stimuli at various eccentricities (Bavelier et al., 2001; Fine et al., 2005) . The visual skills for which deaf individuals exhibit different performance compared to hearing individuals appear therefore relatively specific to conditions that engage spatial attention (Bavelier et al., 2006a,b) .
This specificity is also illustrated by research on the effects of deafness on visual attention itself. A host of studies documents enhanced peripheral visual attention after early deafness as discussed above. In several studies, deaf individuals displayed greater distractibility from peripheral distractors than hearing individuals, revealing greater attentional resources in the visual periphery (Dye et al., 2007; Lavie, 2005; Proksch and Bavelier, 2002) . In contrast, few population differences have been documented on standard attentional paradigms. Studies using the Posner cueing paradigm document no robust change in orienting, except in the presence of a competing central load (Bosworth and Dobkins, 2002; Dye et al., 2007; Parasnis, 1992; Parasnis and Samar, 1985) . Although an early study of visual search reported a tendency for more effective visual search in deaf than in hearing individuals (Stivalet et al., 1998) , recent reports have failed to replicate the effect (Bosworth and Dobkins, 2002; Rettenbach et al., 1999) . The only population effect observed was that deaf adults terminated targetabsent trials faster than hearing adults; this result may reflect differences in decision criterion rather than attention between the two populations (Rettenbach et al., 1999) . Early deafness may therefore lead to changes in visual attention, but these appear quite specific to the spatial distribution of visual attention over the visual field.
The aim of the present paper is to document further which of the many aspects of attention may be modified after early auditory deprivation. Here we specifically investigate the effect of deafness on the ability to deploy visual attention to several different objects at once. One view is that compensatory plasticity allows deaf individuals to reach similar performance levels as hearing individuals on tasks which typically benefit from the integration of visual and auditory information. As a result, one may only expect those visual functions known to benefit from multisensory integration between vision and audition to change after early deafness. This view readily captures the findings reviewed above, that the most robust change in visual functions in deaf individuals is in the spatial re-distribution of visual attention over space. Indeed, cross-modal links between audition and vision have been repeatedly documented to control the deployment of spatial attention (Eimer et al., 2002; McDonald et al., 2003; Teder-Salejarvi et al., 2005) . According to this view, we expect little if any changes in the ability to deploy visual attention to several objects at once, as this skill appears similarly limited to about 4 items whether tested visually or auditorily (Cowan et al., 2005) . An alternative view holds that compensatory plasticity enhances many aspects of the remaining modalities, with deaf individuals possibly displaying enhancement on a wide range of visual skills. In the absence of audition, the remaining modalities, and in particular vision, are put under increasing demands, leading to the expression of use-dependent plasticity in visual functions. Under this view, an enhancement of the ability to monitor several objects may be expected as a way to enhance visual processing in deaf individuals. Although this latter proposal is at odds with the existing literature to date, the ability to maintain a high number of events in the focus of attention is certainly advantageous and, given that this skill can be modified by experience such as video game playing (Green and Bavelier, 2006) , it remains possible that it could be changed in deaf individuals.
As in our past studies, the deaf individuals selected to participate in this study were born to deaf parents (genetic etiology) and raised in an environment that used a visual language at home (hereafter referred to as Deaf native signers) (Mitchell and Karchmer, 2002) . This is important because deaf individuals from hearing families introduce possible confounds. First, they often experience a language delay (and associated delay in psycho-social development) because their hearing loss is usually not detected until around the age of 18 months and they are not exposed to a natural language that they can readily grasp until a later age (Mertens et al., 2000; Samuel, 1996) . Second, the etiology of their hearing loss could also have caused some associated neurological changes King et al., 2006) . One way to investigate performance of deaf individuals with minimal contamination from these confounds is to use Deaf native signers because they typically do not have such secondary disabilities and they achieve their language development milestones at the same rate and time as hearing individuals (Caselli and Volterra, 1994; Newport and Meier, 1985; Pettito and Marentette, 1991) .
We first compare the performance of Deaf native signers and hearing controls on an enumeration task. We then explore the possibility that the use of a numerosity judgment task and static stimuli may have masked possible population differences in this first experiment. Deaf native signers and hearing individuals were then compared in their ability to monitor multiple moving objects over a wide visual field using an adaptation of the Multiple Object Tracking task (MOT) (Pylyshyn, 1989 ).
Results

Enumeration Task
Enumeration Task: Description
The enumeration task has classically been used to study the number of items that can be readily attended ( Fig. 1 ). This task requires participants to report the number of briefly flashed items in a display as quickly and as accurately as possible. Participants' performance on this task appears best captured by two distinct processes, easily seen when performance is plotted against the number of items presented. When viewing enumeration performance in this manner, a clear discontinuity, or elbow, is seen giving the appearance of a bilinear function. For low numbers of items, usually in the range of one to four items (Atkinson et al., 1976; Oyama et al., 1981; Trick and Pylyshyn, 1993; Trick and Pylyshyn, 1994) , subject performance is extremely fast and accurate. The slopes are near zero over this rangealso termed the subitizing range. As numerosity increases above this range, each additional item has a substantially greater cost in terms of reaction time and error rate. The cost to performance is evident in the steep slope observed beyond about four items. The discontinuity in the enumeration curve has been the subject of much debate and has been posited to have various explanations (Green and Bavelier, 2006; Trick and Pylyshyn, 1994) . However, all parties agree that the subitizing range provides an estimate of the number of items that can be concurrently apprehended. We therefore decided to compare Deaf native signers and hearing non-signers on the enumeration task to test the hypothesis that deafness may enhance the subitizing range, or in other words the number of items that can be concurrently attended.
To test the effect of deafness on both the central and peripheral visual field, the two populations underwent two different enumeration experiments, one with a field of view restricted around fixation (5°× 5°) and the other with a much wider field of view (20°× 20°). If deafness disproportionally enhances peripheral vision, any advantage over hearing individuals should be magnified in the wide field of view condition. Additionally, subjects were asked to report their answer by typing it on the keyboard. Although this response mode prevents a fine-grained measurement of reaction timeas finding one key among the twelve possibilities on the keyboard is challengingit ensured identical response modes between deaf and hearing individuals.
Enumeration Task: Results
Three measures of performance will be discussederror rate, accuracy breakpoint, and reaction times. Greenhouse-Geisser corrections were used for all analyses. Enumeration studies typically rely on reaction time analyses. In our case, however, the use of a keyboard response, rather than a vocal/signed response, makes the interpretation of reaction time difficult. Although subjects were trained in advance in typing the key that corresponded to a given number, it is likely that this method of response nevertheless introduced additional variability in the measurement of reaction times that may not be consistent across the two groups. With these caveats in mind, the reaction time data will be presented last.
2.1.2.1. Error rate. An omnibus ANOVA was performed on the proportion of errors with number of squares (1 to 10) and field-of-view (FOV; restricted vs. wide) as within-subject factors and group (deaf vs. hearing) as a between-subject factor. Consistent with previous studies, a main effect of the number of squares was observed (F(1,9) = 146.29, p < .001, ∂η 2 = .880). The main effects of FOV and group failed to reach statistical significance (p values > .30, F(1,20) = .05, ∂η 2 = .002, and F(1,20) = .96, ∂η 2 = .046, respectively). None of the interactions reached statistical significance (p values > .10; FOV × Group, F(1,20) = 2.70, ∂η 2 = .119; Squares × Group, F(9,180) = 1.28, ∂η 2 = .060; FOV × Squares, F(9,180) = 0.93, ∂η 2 = .044; and, FOV × Squares × Group, F(9,180) = 0.85, ∂η 2 = .041). As shown in Fig. 2 , the error rate in enumeration increased with the number of Fig. 1 -Enumeration task: The task began with the presentation of a white fixation cross in the center of the screen for 500 ms then a random number of white squares were presented for 50 ms. The fixation cross reappeared and subjects were to type the number of squares they saw. Feedback was provided by the fixation cross (bolded cross in figure) becoming either green (correct response) or red (incorrect response). squares at the same rate for both restricted and wide FOVs as well as across both deaf and hearing groups.
Accuracy breakpoint.
A central question for the present experiment was to investigate whether Deaf native signers might have a greater subitizing range (grasped more items at once) than hearing non-signers. The breakpoint, defined as the number of items where there is a switch from subitizing to counting response (considered as the capacity limit of visual attention), was computed for each participant for each condition with a bilinear model. To determine an individual subject's breakpoint, their error proportion data was fitted to this bilinear model using the least squares method. Each subject's curve was modeled as an intersection between two linear components; the first component was constrained to have a slope near zero (maximum slope of 3% per item) while the second component was modeled as linearly increasing (as the data is plotted in terms of error rate) with the slope allowed full room to vary in order to best fit the data. The output of the model was therefore the slope of the two lines as well as the breakpoint-the point at which the two lines intersected. This breakpoint was considered a quantification of the point at which subjects switched from the subitizing range to the counting range. Breakpoints for Deaf native signers and hearing non-signers in the restricted and wide FOV conditions are presented in Fig. 3 .
A 2-way mixed ANOVA was performed on the accuracy breakpoints with FOV (restricted vs. wide) as a within-subject factor and group (deaf vs. hearing) as a between-subject factor. No significant main effect was observed both for FOV and for group (p values > .30; F(1,20) = 1.12, ∂η 2 = .053 and F(1,20) = 0.06, ∂η 2 = .003, respectively). There was no significant interaction between FOV and group (p > .75; F(1,20) = 0.10, ∂η 2 = .005). Thus, comparable accuracy breakpoints were found across population and field of view. Table 1 for slope means and standard deviations).
2.1.2.3. Reaction times. An omnibus ANOVA was performed on the reaction times with number of squares (1 to 10) and FOV (restricted vs. wide) as within-subject factors and with group (deaf vs. hearing) as a between-subject factor. Similarly to the results on error proportion, the effect of group was not significant (p > .15, F(1,20) = 2.01, ∂η 2 = .091; Fig. 4 ). As expected, a significant main effect of the number of squares was observed (F(1,9) = 205.93, p < .001, ∂η 2 = .91) as the higher the number of squares, the longer it took subjects to answer.
A significant effect of FOV due to shorter reaction times in the wide FOV presentation than the restricted FOV was also present (F(1,20)= 11.63, p < .005, ∂η 2 = .37). FOV interacted with number of 
Enumeration Task: Summary
Consistent with previous studies in hearing non-signers (Jensen et al., 1950; Trick and Pylyshyn, 1993; Trick and Pylyshyn, 1994; Tuholski et al., 2001) , the present results indicate that about 4 items can be successfully grasped at once. It also confirms that performance during enumeration paradigms is well approximated by a bilinear model with an initial nearly flat region for small numerosities and a steeper slope for numerosities of about 4 and above. The factors varied, field of view and deafness, showed little impact on performance on this task. The only significant effect was that of field of view in the reaction time analyses, in which shorter reaction times were observed in the wide field of view condition at high numerosities. This result mirrors that reported by Green and Bavelier (2006) , although its interpretation remains unclear. This effect was only observed in the RT analyses, cautioning against further interpretation. Importantly, the results of this study demonstrate comparable performance in Deaf native signers and hearing non-signers. This lack of population difference was noted not only for displays restricted to the central 5°but also when using wider, more peripheral displays. Thus even in a condition that could have favored a population difference, deaf and hearing individuals did not differ. This lack of a difference between deaf and hearing individuals confirms and extends the recent study by Bull et al. (2006) that found no difference in performance between deaf non-native signers and hearing non-signers in enumeration accuracy for displays varying between 1 and 6 items.
Although suggestive, several factors may have masked a possible difference between deaf and hearing subjects. First, subjects who have a good command of numerosity have an advantage in this task because it involves estimating numerosity. It is possible that differential access to arithmetic instruction and levels of achievement might have been functioning as an extraneous variable making it difficult to observe actual enhancements in the deaf (Frostand and Ahlberg, 1999; Nunes and Moreno, 2002; Traxler, 2000) . Second, this experiment used static stimuli that may have also hampered the chances of seeing a population difference; as we have reviewed above, deaf/hearing differences tend to be most marked when using moving stimuli. Our second experiment addresses these issues by comparing Deaf native signers and hearing non-signers on a task requiring to track multiple moving stimulithe Multiple Object Tracking (MOT) task.
2.2.
Multiple Object Tracking task
Multiple Object Tracking Task: Description
The MOT paradigm measures the ability of participants to track several, distinct, moving objects with their visual attention (Fig. 5 ). Subjects view a number of randomly moving circles. At the beginning of the trial, some subset of the circles is cued. The cues then disappear and subjects are required to keep track of the circles that were cued (now visually indis- Fig. 5 -Multiple object tracking: The task began with a subset of red (gray in figure) circles (2, 3, or 5) that moved randomly among moving green circles (black in figure) . The red circles turned green after 2 s, at which point participants continued tracking them. After a 5-s tracking interval, the circles stopped, and a single circle turned white with a question mark. Subjects were to respond via keyboard with a YES/NO response whether the white circle was previously red. tinguishable from uncued circles) as they continue to move randomly about the screen. After several seconds of tracking, one of the circles is highlighted and the subject must make a yes (circle was cued) or a no (circle was not cued) decision. This method of response, rather than the more typical method of asking the subject to indicate each of the initially cued circles, was employed to minimize the impact of response interference, and in doing so gain a cleaner measure of the number of items that can be successfully kept in the focus of attention. Indeed, while previous theories have suggested a preattentive link between subitizing and MOT performance (Pylyshyn, 1989) , it is generally accepted that there is a large dynamic attentional component to the MOT task as well (Scholl et al., 2001) . The task requires active allocation of visual attention in order to successfully track targets embedded in a field of competing, and visually identical, distracting elements. Several studies have demonstrated that attention is actually split between the items during tracking (Sears and Pylyshyn, 2000) . Furthermore, neuroimaging has revealed activation in what are thought of as attentional areasparietal and frontal regionswhen subjects perform a MOT task (Culham et al., 1998; Culham et al., 2001) .
In addition, to maximize our chances of observing a deaf/ hearing difference on this task, if present, a large field of view was used (20°). Although there is much variation in the range of visual angle for which peripheral enhancement of processing have been noted in deaf signers (from 2°to 35°) (Bavelier et al., 2001; Dye et al., 2007; Loke and Song, 1991; Proksch and Bavelier, 2002; Sladen et al., 2005; Stevens and Neville, 2006) , the explanation of this effect in terms of enhanced peripheral attention in the deaf suggests that population differences should be heightened at larger eccentricities. We therefore selected the largest field of view possible given the size of the computer screen used and the requirement to maintain a comfortable viewing distance.
Multiple Object Tracking: Results
A measure of sensitivity, d′, was computed for each participant in each cued circle condition (2, 3, or 5 cued circles; d′ = Z[p (Hits)] − Z[p(False Alarms)]) (Macmillan and Creelman, 1991) . ANOVAs were performed with group (deaf/hearing) as a between-subject factor and number of cued circles (2, 3, or 5) as a within-subject factor. Greenhouse-Geisser corrections were used for all analyses. As shown in Fig. 6 , d′ decreased as the number of cued circles increased (F(2,48) = 20.11, p < .001, ∂η 2 = .456). Importantly, d′ was comparable for both groups in all cued circle conditions and no significant main effect of group nor a group × circles interaction was present (p values > .25; F(1,24)= 1.18, ∂η 2 =.047 and F(2,48)= 0.60, ∂η 2 = .024, respectively).
Multiple Object Tracking: Summary
The performance of the Deaf native signers and hearing nonsigners in this experiment confirmed the results of previous studies on MOT that have demonstrated significant drops in response accuracy as the number of circles increases (Pylyshyn, 1989; Scholl et al., 2001) . Importantly, this study demonstrates that Deaf native signers and hearing nonsigners have a comparable capacity to actively allocate visual attention to moving targets embedded in a field of competing, and visually identical, distracting elements. Unlike in the enumeration experiment, arithmetic skills and numerosity judgments were not involved in the present experiment. Yet, the results of this experiment confirmed and extend the findings from the enumeration experiment. Early deafness does not enhance the ability to deploy visual attention to several different objects at once, to dynamically update information in memory as these objects move through space, and to ignore irrelevant distractors during such tracking.
Discussion
The number of objects that can be concurrently apprehended was compared in Deaf native signers and hearing non-signers using two different paradigms, the enumeration and the multiple object tracking task (MOT). The first experiment compared the performance of Deaf native signers and hearing controls on an enumeration task. This task, classically used to study the number of items that can be readily attended, requires participants to report the number of briefly flashed items in a display as quickly and as accurately as possible. Our present implementation of this task also manipulated the visual extent of the stimuli to assess possible central/peripheral differences across populations. Our results indicate similar performance in deaf and hearing individuals, suggesting that this aspect of visual attention is not modified by deafness. The Multiple Object Tracking experiment explored the possibility that the use of a numerosity judgment task and static stimuli may have masked possible population differences in the enumeration task. Deaf and hearing individuals were compared in their ability to monitor multiple moving objects over a wide visual field using an adaptation of the Multiple Object Tracking task (MOT) (Pylyshyn, 1989) . Again, no population differences were observed. Had deaf signers differed from hearing non-signers in these tasks, we would have then followed up with a study of hearing native signers to assess the impact of signing separately from that of deafness. However, the absence of population effects leads us to conclude that the ability to allocate attention to several objects at once is not significantly altered in Deaf native signers.
In each paradigm, the expected pattern of results was found, however. As previously described in the enumeration literature, all participants exhibited a roughly bilinear curve in performance, showing highly accurate performance for low numerosities up to about 4 items, and then a sharp cost in performance as more items were added. Similarly, performance on the MOT task was comparable to that reported in the literature with a decrease in accuracy as the number of circles to track increased. Importantly, the performance of Deaf native signers and hearing non-signers was always comparable indicating equal ability across groups when it comes to the numbers of objects that can be attended.
This lack of a population effect is not due to a lack of sensitivity of the tasks used. Relying on the same paradigms, Green and Bavelier (2006) have shown that performance in the enumeration and MOT tasks is enhanced in action video game players. In fact, this work indicates that only 10-30 h of action video game playing is sufficient to increase the number of objects of attention. Similarly, Trick et al. (2005) have seen enhanced MOT performance in children who play both action video games and action sports. Thus, the lack of a population difference in the present study rather indicates that this aspect of attention shows little to no reorganization in the face of early deafness. Surprisingly, this was the case even when the stimulus presentation engaged a large field of vision (20°), which should have facilitated population differences. Indeed, the population of Deaf native signers studied here is identical to that studied in previous studies from our research group and others documenting enhanced peripheral attention (Bavelier et al., 2000; Dye et al., 2007; Loke and Song, 1991; Neville and Lawson, 1987a; Parasnis and Samar, 1985; Proksch and Bavelier, 2002; Stevens and Neville, 2006) . Therefore, it appears that, although early deafness causes enhancements in peripheral visual attention, it does not lead to similar changes in the number of objects that can be attended.
The finding that immediate apprehension of numerosity is limited to about 4 items along with the limited performance seen on the Multiple Object Tracking task has led several authors to propose a resource-limited mechanism for individuating and maintaining object representations in the focus of attention (Cowan, 2001; object-file Kahneman et al., 1992 ; see FINST Pylyshyn, 1989) . This form of storage, which typically encompasses about 4 items, has been proposed to provide a more reliable estimate of working memory resources than simple span tasks such as the digit span task (Cowan, 2001; Cowan et al., 2005) . Therefore, the present result suggests similar limits in working memory capacity in deaf signers and hearing speakers. Taken together with previous work documenting different storage capacity on simple verbal span tasks in deaf signers and hearing speakers (Bavelier et al., 2006b; Boutla et al., 2004) , this work reinforces the view that the lower span noted in signers in simple verbal span tasks does not reflect a smaller working memory capacity, but rather a specific advantage for the auditory modality in tasks that require serial order recall and rely heavily on verbal rehearsal. The present study therefore supports our earlier proposal of similar overall working memory capacities in Deaf native signers and hearing speakers (Boutla et al., 2004, Exp. 3) .
This work also highlights the specificity of plastic changes in vision following deafness. Whereas previous work documents changes in some aspects of attention following early deafness, visual attention is a multi-faceted process and one cannot assume that the lack of audition will enhance all facets of visual attention. As reviewed in the Introduction, there is good evidence that early deafness leads to changes in the spatial distribution of attention, in particular with an enhancement for peripheral locations and moving stimuli. However, few changes have been noted when it comes to visual search or orienting. Here we document another aspect of visual attention that stays unchanged following early deafness: the number of objects that can be apprehended, maintained for short-term storage and subsequently manipulated on-line. Which functions may or may not be altered after early deafness may be understood in the larger context of the literature on multi-modal integration. It has been shown that performance on multi-modal tasks is enhanced compared to that on the unimodal version of the same tasks. Information across modalities appears to be integrated in an optimal way, whereby each modality contributes to behavior according to the information it contains (Battaglia et al., 2003; Ernst and Banks, 2002; Lalanne and Lorenceau, 2004) . According to this view, visual skills that typically benefit from cross-modal auditory information in hearing individuals, such as processing of peri-personal and peripheral space, may be more likely to reorganize after early deafness. This would enable deaf individuals to attain similar performance levels as hearing individuals while relying on only one modality, i.e. vision, rather than two, i.e., vision and audition. In contrast, the limited usefulness of audition when tracking objects within reach or performing near-by searches would explain the lack of population difference in this and previous work.
Finally, the lack of an effect of early deafness but the existence of an effect of video gaming on enumeration and MOT cautions us from making absolute conclusions about which cortical functions are or are not plastic. The lack of plasticity in one function following a given pattern of experience does not necessarily imply that the specific function is not plastic, rather it implies that the experience considered may not be strong enough to induce plastic changes and modify functioning. Here, we conclude that auditory deprivation places higher demands on some, but not all, aspects of visual attention. Yet, the facets that are not affected by early deafness can still be affected by other visual experiences.
4.
Experimental procedures 4.1. Enumeration Task
Participants
Eleven Deaf native signers of American Sign Language (ASL) were included in the present experiment (mean age = 22.5, SD age = 4.1; 6 females). All subjects were born congenitally deaf and were exposed to ASL from birth through their deaf parents. Eleven hearing native English speakers were included as control subjects (mean age = 22.6, SD age = 4.2; 7 females). There was no significant difference between the Deaf and hearing subjects' ages (t(20) = .052, p > .05). None of the hearing control participants had been exposed to ASL. Individuals with history of head injuries, neurological, cognitive, or psychiatric difficulties/disorders were excluded from this study. All participants had normal or corrected to normal vision. Informed consent was received from all participants, who were paid for their participation.
Materials and procedure
The materials and procedure are similar to those of Experiment 1 in Green and Bavelier (2006) . Each participant was tested individually in a room with dim light. Stimuli were displayed on a Macintosh G3 laptop computer (screen size = 14 in.). The computer screen height was adjusted in order for the center of the screen to correspond to the height of the eye of each subject. Subjects viewed the display binocularly with their head positioned in a chin rest at a distance of 45 cm from the screen. A training condition was developed to familiarize the participants with the response keys. The numbers 1-12 were placed on the keyboard above their respective numbers (10 on the 0, 11 on the −, and 12 on the +). Participants were given a task where each trial began with a fixation cross, presented at the center of the screen for 500 ms, followed by a display of an Arabic numeral between 1 and 12. The target number was presented in white on a black background and remained displayed until an answer was made. Participants were asked to use both hands with the left hand near 1-5 and the right hand near 6-10. For 11 and 12, participants had to move their right hand. Each participant performed 72 trials (6 repetitions of each of the 12 possible numbers) in the response practice. Brief rests were allowed after each block of 24 trials. After this response familiarization phase, participants were administered the enumeration task. The participants were instructed to: "Respond as quickly as possible, but only once you feel confident of your answer." Even though reaction times were recorded, it must be noted that this procedure does not provide the most accurate measurements of reaction times because it was no doubt easier for all subjects to remember where the "1" key was located compared to the "7" key. This variability is partially controlled by the training procedure described above and the fact that both groups followed the same response procedures; however, the absolute reaction time values should still be considered with caution.
Two main conditions were compared in separate blocks: one with a field of view (FOV) restricted around fixation (5°× 5°, henceforth referred to as the restricted FOV condition) and the other with a much wider FOV (20°× 20°, the wide FOV condition). The order of the two conditions was counterbalanced across subjects. Each trial began with the presentation of a small white fixation cross in the center of a dark screen (see Fig. 1 ). After 500 ms, the stimulus made of a random number of white squares was presented for 50 ms (between 1 and 12 squares each subtending .5°× .5°). The fixation cross returned and subjects were then allowed to respond by pressing on the keyboard the number of squares they believed were presented. Subjects were instructed to respond by pressing the corresponding keyboard key as quickly as possible while maintaining high accuracy. Feedback was provided by the fixation cross becoming either green (correct response) or red (incorrect response) for 500 ms. Each subject underwent two experimental blocks of 360 trials each (1-12 squares presentations, 30 repetitions of each number of targets, pseudorandom presentation). The two conditions were counterbalanced. Due to the excessive difficulty of the enumeration of 11 and 12 square targets, the results from these were discarded and are not reported here.
4.3.
Multiple Object Tracking Task
Participants
Fourteen Deaf native ASL signers participated in this experiment (mean age =23.4, SD age = 3.9; 9 females, 5 males). All of the deaf participants were born profoundly deaf and exposed to ASL from birth through their deaf parents. Twelve control hearing non-signers were also included (mean age =23.5, SD age = 3.0; 6 females, 6 males). There was no significant difference between the Deaf and hearing subjects' ages (t(24)= .053, p > .05). None of the hearing control participants had ever been exposed to ASL. One deaf subject had also participated in Experiment 1. Individuals with a history of head injuries, neurological, cognitive, or psychiatric difficulties/disorders were excluded. All participants had normal or corrected to normal vision. Informed consent was received from all participants, who were paid for their participation.
Materials and procedure
Each participant was tested individually in a room with dim light. The stimuli were presented on a Macintosh G3 laptop (screen size = 15 in.). The height of the screen was adjusted in order for the center of the screen to be at the level of the eyes of the participant. A chin rest was used to ensure a comfortable viewing distance of 50 cm. The participant initiated each trial by a key press. Each trial started with the display of a grey aperture (diameter = 20°of visual angle) presented on a black background. A fixation point was presented at the center of the aperture, and the participant was explicitly instructed to fixate the fixation point throughout the trials. In each trial, 12 moving circles (diameter = 1°of visual angle, motion velocity = 10°/s) were displayed in the aperture. In each test trial, a subset of circles turned red for 2 s then reverted to green, at which point participants continued tracking them. After a 5-s tracking interval, the circles stopped, and a single circle turned white. The participant was asked to indicate whether this white circle was a tracked target or an untracked distractor. Task difficulty was manipulated by increasing the number of tracked circles (2, 3, or 5). Each participant was first exposed to 15 trials of practice (5 repetitions of each possible number of cued circles), followed by 2 blocks of 45 trials each (15 repetitions of each possible number of cued circles). Hence, each participant completed a total of 90 test trials.
